Although cholecystectomy is the standard treatment modality, it has been shown that perioperative mortality is approaching 19% in critical and elderly patients. Percutaneous cholecystostomy (PC) can be considered as a safer option with a significantly lower complication rate in these patients.
INTRODUCTION
The treatment option for acute cholecystitis (AC) is open or laparoscopic cholecystectomy. However, percutaneous cholecystostomy (PC) is an alternative treatment in patients who have a high risk of mortality after surgery. PC is a technique that consists of percutaneous catheter placement in the gallbladder lumen under imaging guidance and has become an alternative to surgical cholecystectomy. PC is generally performed under local anesthesia by an interventional radiologist using the trans-hepatic or trans-peritoneal route [1] . This option can be chosen after determining the severity of cholecystitis, the patient's general status, and underlying disease. Tokyo Guidelines 2018 (TG18) can be used to determine the severity of AC. According to TG18, particular care should be taken with patients who have Grade II and III AC in order to avoid biliary injury and reduce complications. Depending on the findings, the potential benefits of open cholecystectomy, subtotal cholecystectomy, and PC should be considered to decide on the best treatment [2] . In their 2017 guidelines, the World Society of Emergency Surgery recommended PC as a safe and effective treatment for AC in patients who are critically ill and/or have multiple comorbidities classified as grade 1B [3] .
In 2010, the Society of Interventional Radiology recommended PC procedures for direct gallbladder access to either manage cholecystitis or remove gallstones, as well as a second-line means of biliary tract access to decompress the biliary tract, dilate biliary strictures, and place stents in malignant lesions [4] . In recent studies, PC has proven to be an effective treatment for 90% of patients with AC and the definitive treatment varies between 0%-54% [5] [6] [7] . Although laparoscopic cholecystectomy or open cholecystectomy is the standard treatment modality, it has been shown that perioperative mortality is approaching 19% in critical cases and elderly patients [8] . Therefore, PC can be considered as a safer option with a significantly lower complication rate [9] . The goal of this study was to assess the clinical course of patients with AC who had been treated with PC.
MATERIALS AND METHODS
Between January 2010 and April 2017, 903 patients were hospitalized in our clinic with a diagnosis of AC This study included 82 of these patients who had been treated with PC. The patients' medical records were retrospectively screened for the following data: Demographic characteristics, comorbidities, criteria for grading AC according to the TG18, mortality after PC or discharge, readmission, laboratory parameters, radiological findings, and the physical status scores of the American Society of Anesthesiologists (ASA). The cause of mortality was obtained from the national mortality notification system. The patients with coagulopathy or perforated gallbladder, and those without gallbladder stones were excluded from the study. The diagnosis of AC was confirmed with TG18, using clinical, laboratory and radiological findings. All grade I, II, and III patients were included. Oral feeding was stopped, and medical treatment with intravenous hydration and antibiotics (second-generation cephalosporin) was started for all patients.
PC was performed by a radiologist, who used a modified Seldinger technique on ultrasound and placed an 8-12F catheter in the gallbladder transhepatically. During the intervention, aspiration was performed initially, and then the gallbladder and bile ducts were visualized. After catheter placement, the position of the catheter was confirmed using a contrast agent. Ultrasound was performed by an interventional radiologist for the evaluation of catheter dislocation three to four days after the procedure. Cystic duct and distal common bile duct patency were evaluated by cholecystogram. If the cystic duct and the distal common bile duct had contrast passage and clinical improvement, the catheter was removed.
Oral feeding was stopped, and medical treatment with intravenous hydration and antibiotics (second-generation cephalosporin) was started for all patients. After PC, the following criteria were accepted as a satisfactory clinical response: Good general condition, no fever, and the white blood cell count decreased to the normal range. For these patients, the antibiotic treatment was terminated, and liquid feeding was started for those who did not have complaints of vomiting, lack of appetite, or distension.
Statistical analysis
The Statistical Package for the Social Sciences (SPSS Inc., Chicago, IL, United States) version 16.0 for Windows was used for the statistical analyses of the data. In addition to descriptive statistical methods (mean, standard deviation), the intergroup comparison of normally distributed parameters of the quantitative data was undertaken using Student's t-test whereas the Mann-Whitney U-test was used for the parameters that were not normally distributed. Qualitative data was compared using the χ 2 test, and a P level less than 0.05 was considered statistically significant.
RESULTS
There were 45 (54.9%) male and 37 (45.1%) female patients, with a median age of 76 (35-98) years. According to the TG18, there were 25 (30.5%), 34 (41.5%) and 23 (28%) patients with Grade I, II, and III AC, respectively. At admission, the patients' mean Creactive protein was 152.48 mg/L (SD ± 116.11) and white blood cell count was 15.306 μL (SD ± 7.97). The ASA score was ≥ III in 78 patients (95.1%) and < 3 in four (4.9%). After PC, mortality occurred in 16 patients (19.5%). The median scores of these patients according to the Charlson comorbidity index (CCI) and ASA score were 3 and III, respectively (Table 1) . After PC, the catheter removal time varied between four and thirteen (median: Seven) days. Only four patients complained about abdominal pain. However, physical examination, ultrasound, or laboratory parameters did not show any abnormality. There were no major complications due to PC. One patient had bleeding into the gallbladder during the procedure, but there was no problem during the follow-up.
Sixty-six (80.5%) patients were well enough to be discharged after PC. Of these patients, 62 (94%) had CCI and ASA scores of 2 and ≥ III, respectively, and four (6%) patients had an ASA score of < III. Two months after discharge, two patients (3%) were readmitted with AC and the intervention was repeated. Nine of the discharged patients (13.6%) underwent interval open cholecystectomy or laparoscopic cholecystectomy (8/1) within six to eight weeks after PC. The reason for performing interval cholecystectomy in these patients was because they had a good overall condition and less comorbidities.
Sixty-six patients (80.4%) were followed up without operation. The median followup time of these patients was 128 (12-365) wk and their median lifetime was 36 (1-332) wk. Thirty-seven (56%) patients died of non-biliary causes during the follow-up period, and these patients' median CCI score was 3 ( Table 1 ). The patients that survived had a median CCI of 2, but there was no statistical difference between the two groups.
The patients who had been treated with PC were divided into two groups: Those who died in hospital and those who were discharged. The two groups were compared in terms of CCI and ASA scores, age, and white blood cell count at a cut-off value of 18000 μL. There were statistically significant differences in ASA score (P = 0.0001) and white blood cell count (P = 0.025) between the groups. In this study, all the 66 patients (100%) with an ASA score of < III were discharged from the hospital and all the 16 patients (100%) with an ASA score of ≥ III died in hospital. The mean white blood cell count was 14400 μL in deceased patients and 10.500 μL in discharged patients. The remaining parameters did not show any statistically significant difference (P > 0.05) ( Table 2 ). The flowchart of the patients who had been treated with PC are schematized in Figure 1 .
DISCUSSION
Gallstone disease is a common condition with estimated prevalence of 10%-20%, increasing to 15%-24% in patients aged over 70 years [10] . In another study, it was reported that female gender was a risk factor for cholesterol gallstones [11] . Therefore, the incidence of AC also increases with age. Despite the availability of many studies in the literature concerning the treatment of AC, there is no consensus about the treatment of older patients and those at a higher risk [12] . Although the gold standard treatment for AC is laparoscopic cholecystectomy, PC presents as a good option for the elderly patients and those with comorbidities and grade II or III AC (TG18). In this study, the median catheter removal time was seven days after the procedure. The catheter removal time was determined based on the consensus of a radiologist and a clinician who took into consideration the patients' clinical condition and response to the treatment. In the literature, some authors suggested four to six weeks before the removal of catheter to prevent recurrence, but many recent studies recommend deciding on the removal time with a control ultrasound or cholangiography after eight to twelve days of intervention [6, 13] .
In the literature, there are varying and conflicting views and approaches concerning the time of removal of the catheter [14] . For example, in their review, Macchini et al [14] reported that they left the catheter in place for a median of nine d. In the current study, since the PC procedure was performed with a transhepatic approach, the general condition of the patients was better and the laboratory results were improved, and the ultrasound performed by the interventional radiologist ruled out complications related to the catheter. In this study, the catheter was removed after a median of seven (4-13) d.
Many studies describe that PC successfully relieves the acute phase symptoms of AC in up to 85% of patients [8, 12, 15] . Alvino et al [16] concluded that the symptoms of AC had been relieved in 91% of patients after PC. Their research was based on the largest group of patients ever studied. In the same study, the authors reported the rate of interval cholecystectomy as 38% but also pointed out that their sample was younger and had low ASA and CCI scores. The rate of interval cholecystectomy after PC was reported as 23%-57% in different studies [13, [17] [18] [19] . Yeo et al [7] reported a 41% eventual cholecystectomy rate in a cohort with a median age similar to our study. However, in the current study, there were only nine patients (13.6%) who were fit for interval cholecystectomy. This may due to our patients' higher comorbidity rate, older age, and unwillingness for surgery. Additionally, compared to the literature (15%-42%) [13, [18] [19] [20] we had a higher mortality rate (56%) in the follow-up period due to nonbiliary causes, which may also explain the low cholecystectomy rate. In patients with grade II or III AC, a CCI of ≥ 4 and an ASA score of ≥ III, TG18 recommends conservative treatment with PC when necessary [2] . This is consistent with our treatment approach that indicates PC for only patients who have high risk of mortality after surgery. Except this, in our study, 25 (30.5%) patients had mild AC but underwent PC due to comorbidities. This may show the significance of comorbidities in selecting the treatment options. In their study cited in TG18, Amirthalingam et al [21] stated that not only severity grading but also patient comorbidity affect the clinical decision for these patients.
PC is also considered as an alternative treatment method for patients who are not suitable for laparoscopic cholecystectomy at hospital admission. However, in our study, only one patient underwent laparoscopic cholecystectomy [7] . This may be due to the worse comorbidity profiles of our patients or technical issues that could not be eliminated due to the retrospective nature of the study, such as the surgeon's experience or patient history of laparotomy.
In the literature, many authors consider PC as a definitive treatment option due to low rates of AC attacks or readmissions with AC [6, 13, 22, 23] . In their study, Winbladh et al [8] indicated that PC provided 85.6% successful treatment in AC. However, in another study, the role of PC in the definitive treatment of high-risk patients with AC was considered controversial [24] . Some studies claim that in 25% of AC cases presenting with a stone, recurrent cholecystitis attacks occur two to three months after PC [8, 20, [25] [26] [27] [28] [29] . In our study, only two patients (3%) who had undergone PC were readmitted with an AC attack. Therefore, our results support the hypothesis that PC is the most accurate treatment option for patients with high risk of mortality after urgent surgery. High-risk patients can be described as having at least one of the following criteria: Grade II or III AC, ASA score ≥ III, and /or CCI score > 2. Similar to our study, Solaini et al [13] suggested PC as the definitive treatment in highly-selected cases for which the risk of death for non-biliary causes might be higher than that of recurrence.
TG18 uses the white blood cell count cut-off value of 18000 μL for defining moderate and severe AC [2] . In our study, the group of patients who died in hospital had a statistically higher white blood cell count, but when the groups were compared based on this cut-off value, there was no statistically significant difference between the patients that were discharged and those that died. This indicates that this cut-off value may need to be lowered for more accurate grading.
In the presented study, there were statistically significant differences between the groups when the ASA score was considered. All patients with an ASA of ≥ III died in hospital and those with an ASA of < III were fit for discharge. This suggests that in the selected patient group, ASA scores were associated with mortality even if the patients did not have surgery and only underwent PC. Similarly, Yeo et al [7] and Cha et al [30] showed a positive correlation between ASA score and mortality after PC.
In a multicenter study comparing laparoscopic cholecystectomy and PC in highrisk patients with AC, the latter was found to be more effective in reducing morbidity, necessity of intensive care and hospital stay [31] . In their study conducted with 8818 elderly patients with grade III AC, Dimou et al [32] showed that the probability of requiring cholecystectomy was low at any time during a two-year follow-up after PC.
Various mortality rates after PC have been reported in the literature. Small retrospective studies have reported these rates to be 4%-17% in hospital and as high as 7%-26% within the first 30 d after surgery [33, 34] . In our study, the mortality rate at hospital was 16% and mortality was mostly seen in patients with CCI and ASA scores of 3 and III, respectively. This rate is compatible with the reports in the literature. Concerning CCI and ASA score, we can say that both evaluate the general condition of the patients.
Studies in the literature have different median follow-up durations, ranging from 38 mo to 14 years [35] [36] [37] . Cooper et al [35] reported the mean mortality rate as 43% on the 387 th d (27-1260) of follow-up after PC. Noh et al [36] showed that 86 patients (97.7%) had been successfully followed up for 1227 d after PC without an AC attack. Similarly, Schmidt et al [37] reported that if patients remained asymptomatic after a successful PC, there would be no need for elective surgery after five years of followup. In the current study, 66 patients discharged after PC were followed up for a median of 128 wk, and their median lifetime was only 36 wk. Of these patients, 37 (56%) died of non-biliary causes and only two (3%) had AC attacks. This high rate of mortality can be explained by older age, poor general condition, worse comorbidity profiles, and high ASA scores of the patients. Furthermore, these results show the effectiveness, importance and sufficiency of PC in high-risk patients with low life expectancy.
The most important limitation of this study was the bias concerning standardized patient selection.
Further randomized trials are needed to confirm our results prospectively. In the light of our results, for high clinical success, we recommend PC for high-risk patients with moderate-severe AC according to TG18, elderly patients, and especially those with an ASA score of ≥ III. However, this recommendation should be supported with prospective randomized trials. PC, a safe, effective and minimally invasive treatment, should be preferred in patients suffering from AC with high risk of mortality associated with cholecystectomy.
ARTICLE HIGHLIGHTS

Research background
In this retrospective study, the clinical course of percutaneous cholecystostomy (PC) was evaluated in 82 patients who had comorbidities and had high mortality risk after surgery. The benefits and success rate of PC were revealed in the selected patient population.
Research motivation
In the literature, the significance of PC was not identified in patients who had Grade 2 and 3 acute cholecystitis (AC) (Tokyo Guidelines 2018) and comorbidities. This study confirms that PC is a safe and adequate treatment option.
Research objectives
In this study, we emphasized that PC alone is an adequate treatment in patients with AC based on our finding that only nine of the 66 patients discharged from the hospital required cholecystectomy. In patients that died, mortality usually occurred for non-biliary reasons during the follow-up without recurrent episodes. PC without general anesthesia may be an adequate treatment option in these patients.
Research methods
The study was planned retrospectively. In the follow-up of patients undergoing PC, the causes of death and duration of survival after the procedure were obtained from the electronic medical records.
Research results
Our findings support that PC is an effective alternative method that can be safely applied to patients with a high comorbidity load, and it can regress clinical symptoms in this patient group. During the retrospective acquisition of the study data by screening the electronic medical records, the number of patients was reduced due to the exclusion of those with incomplete records. Therefore, a future prospective study can be planned to obtain the records of all patients in detail to further emphasize the individual adequacy of PC.
Research conclusions
Except for nine cases, PC alone was an adequate and safe treatment alternative in all the remaining evaluated patients with AC. PC is an alternative effective treatment option in AC cases with a high comorbidity load. This study revealed that in the long-term follow-up of patients who had undergone PC and had been discharged, mortality occurred mostly due to non-biliary causes, except for a limited number of cases with a history of episodes, confirming that the procedure was successful, which is a finding that contributes to the literature. PC can be safely used as an alternative treatment in patients with high risk of surgery and provides adequate clinical improvement. We consider that PC presents as a good alternative with a high success rate in patients with AC who have a comorbidity load, those at high risk of anesthesiarelated complications, and those that do not agree to undergo surgery after clinical recovery is achieved.
Research perspectives
Despite performing PC in the patient population with AC and high comorbidity, approximately 20% of the patients developed mortality. However, the considerable success rate of the procedure presents it as a good treatment option.
